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Abstract

To improve the flexural mechanical performance of steel-concrete composite beams and address
issues such as cracking and insufficient durability of the main beam, engineered cementitious com-
posite (ECC) and ultra-high performance concrete (UHPC) were introduced into steel-concrete com-
posite beams. A scaled model simulation of a steel-ECC-UHPC composite slab composite beam was
conducted using ABAQUS to investigate the effects of slab thickness and reinforcement ratio on its
flexural performance. The results show that the specimen exhibits a ductile failure mode dominated
by buckling failure of the steel beam, with deformation concentrated on both sides of the mid-span
reinforcement zone. The ECC-UHPC composite slab demonstrates excellent collaborative perfor-
mance, effectively delaying stress concentration in the slab. Increasing the slab thickness enhances
the flexural performance of the composite beam. When the thickness increases from 80 mm to 100
mm, the yield load and ultimate bearing capacity increase by 4.2% and 3.9%, respectively. Increas-
ing the reinforcement ratio also significantly improves flexural performance. When the reinforce-
ment ratio increases from 1.18% to 3.27%, the yield load and ultimate load increase by 10.3% and
15.8%, respectively.
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Figure 1. Test beam parameters
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Figure 2. Constitutive model of ECC [8]
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Figure 3. Constitutive model of UHPC [9] [10]
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Figure 4. Composite beam failure
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Figure 5. Load-displacement curve
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Figure 6. Mid-span cross-section strain distribution
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Figure 7. Parametric analysis of bridge deck thickness
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Figure 8. Parameter analysis of reinforcement ratio
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